It is generally thought that galaxies are embedded in dark matter halos extending well beyond their luminous matter. The existence of these galactic halos is mainly derived from the larger than expected velocities of stars and gas in the outskirts of spiral galaxies. Much less is known about dark matter around early-type (elliptical or lenticular) galaxies. We use gravitational lensing to derive the masses of early-type galaxies deflecting light of background quasars. This provides a robust measurement of the total mass within the Einstein ring, a circle whose diameter is comparable to the separation of the different quasar images. We find that the mass-to-light ratio of the lensing galaxies does not depend on radius, from inner galactic regions out to several half-light radii. Moreover, its value does not exceed the value predicted by stellar population models by more than a factor two, which may be explained by baryonic dark matter alone, without any need for exotic matter. Our results thus suggest that, if dark matter is present in early-type galaxies, its amount does not exceed the amount of luminous matter and its density follows that of luminous matter, in sharp contrast to what is found from rotation curves of spiral galaxies.
Introduction
According to general relativity, light is deflected by massive objects. This gives rise to the gravitational lensing phenomenon, where several images of a source located behind a mass concentration can be observed. The deflecting object is called a gravitational lens. In the present study, we consider systems in which the lens is a single galaxy and the background source a quasar, i.e. the bright nucleus of a distant galaxy.
If the source, lens and observer are perfectly aligned and if the lens is symmetrical around the line-of-sight, the image of the source is a ring (the Einstein ring) of angular radius
where G is the gravitational constant, M E the mass of the lens inside the Einstein ring and c the speed of light. d OL , d OS and d LS are the angular diameter distances from the observer to the lens, from the observer to the source and from the lens to the source. Given a cosmological model, these distances can be computed from the redshifts of the lens and source spectra. All distances being inversely proportional to the Hubble constant H 0 , which measures the rate of expansion of the Universe, the uncertainty on the mass for a given Einstein radius will reflect the present uncertainty on the Hubble constant, i.e. less than 10% (see, e.g., Riess et al. 2011 , for a determination with a claimed 3% precision). The size of the Einstein ring thus provides a direct and robust measurement of the mass of the lens galaxy up to the angular distance θ E .
If the source and lens are slightly misaligned, one observes four images of the quasar, often associated to arcs which are distorted images of the quasar host galaxy. Such a configuration allows to strongly constrain the size of the Einstein ring and, thus, the lens mass inside it. If the misalignment is somewhat larger, only two images of the source are observed. In this case, the constraints are somewhat weaker, but the mass can still be determined with an accuracy of ∼30%, the main uncertainty coming from the shape of the mass distribution in the lens.
Method
We consider a sample of 25 gravitational lenses with high precision analysis (Chantry et al. 2010; Sluse et al. 2012 ) on the basis of near-infrared H-band images (1.63 µm) obtained with the Hubble Space Telescope (HST). These objects were initially chosen because they had measured time delays or because they were part of the COSMOGRAIL observing campaign. The images were processed with the iterative version of the MCS deconvolution algorithm (Magain et al. 1998; Chantry & Magain 2007 ) in order to get accurate angular positions (i.e. from 1 to 2.5 mas) for the quasar images as well as to determine the shape, position and luminosity of the lens galaxy. These lenses have then been modeled with the LENSMODEL software of Keeton (Keeton 2001 ) to obtain the Einstein radius and thus the mass inside it. The full details of the image processing and lens modelling are provided in (Chantry et al. 2010 ) and (Sluse et al. 2012) .
From this sample, we exclude the objects for which the mass-to-light ratio of the lens might not be obtained with high accuracy. These include systems for which the redshift of the lens or of the source is not securely known, those with several galaxies of similar luminosity acting as lenses and those for which a clear separation of the light from the lens galaxy and from the source images could not be guaranteed. This leaves us with a sample of 15 lenses, 7 doubles and 8 quadruples. Figure 1 shows the deconvolved HST images of these lenses.
The flux inside the Einstein ring of each lens galaxy is determined from the deconvolved HST images, after careful removal of the quasar images as well as associated arcs, when present. These fluxes are corrected for the redshift of the lens using a k-correction based on elliptical galaxy template spectra (Fioc & Rocca-Volmerange 1997) . These k-corrections, which account for the shift of the lens spectrum with respect to the filter bandpass, are quite secure in the near-infrared, where the spectral energy distribution depends only weakly on the galaxy type. The solar luminosity in the H-band (Colina et al. 1996 ) is computed at the distance of each lens galaxy using the luminosity distance (Wright 2006 ) for a cosmological model with H 0 = 70 km/s/Mpc, Ω m = 0.27 and Ω Λ = 0.73. The lens galaxy luminosity can then be computed in solar units, as well as an error bar taking into account the quality of the separation between source and lens features.
For sufficiently symmetric lenses, the half-light radius R 1/2 (i.e. the radius of the aperture containing one half of the light emitted by the galaxy) is determined by directly measuring the light flux F in circles of varying radii R and computing the slope of log F versus R 1/n , n being chosen so that the slope remains as constant as possible with radius. In the remaining cases, it is determined by fitting Sérsic profiles (Sérsic 1963) on the lens galaxies with the Galfit software (Peng et al. 2002; Peng et al. 2010) . Final values and error bars are presented in Table 1 .
Most of the past determinations of the dark matter fraction in early-type galaxies (e.g. Koopmans et al. 2006; Bolton et al. 2008) have been restricted to the inner galactic regions, i.e. R E ≤ R 1/2 ). However, in order to constitute a clear-cut test of the dark matter halo hypothesis, the mass determinations should extend to regions well outside the bulk of the visible galactic matter. This can be quantified by the radius of the Einstein ring R E in units of the half-light radius R 1/2 . Our determinations range from R E = R 1/2 to R E = 5R 1/2 . This can be compared to studies of rotation velocities. As an example, for the bright spiral galaxy NGC 3198, which is one of the best studied objects, the optical rotation curve (Corradi et al. 1991) extends to 1.8 R 1/2 while the 21 cm hydrogen line measurements (van Albada et al. 1985) reach 5.8 R 1/2 . Our determinations thus go well beyond the optical observations and reach nearly as far as the best radio measurements in spiral galaxies.
Results and discussion
Our results are presented in Fig. 3 , which shows that the M/L H ratio is about 1.8, independent of R E /R 1/2 . Such a constant M/L ratio indicates that the mass distribution closely follows the light distribution and does not show evidence for an extended dark matter halo. A least squares linear regression taking into account errors in both coordinates gives a slope of 0.12 ± 0.13 (one sigma error bar), which is totally compatible with zero.
Our M/L H ratios can be compared to theoretical predictions from stellar population models (Maraston 2005) . Theoretical values lie between 0.66 and 1.69, depending on the initial mass function and on the age of the stellar population, here taken to lie between 5 and 10 billion years, which is a reasonable range for elliptical galaxies with redshifts from 0.2 to 1.0. The theoretical M/L H ratios, which are for stellar populations only, are generally lower than the ones deduced from gravitational lensing. This can be put in a cosmological context by comparing the estimate of baryonic density in the Universe deduced from the results of Big Bang nucleosynthesis (Schramm & Turner 1998) , i.e. 4% of the critical density, with the density obtained from an inventory of currently detected matter (Fukugita & Peebles 2004; Cen & Ostriker 2006) , amounting to about 2% of the critical density. This comparison indicates that about one half of the baryonic matter remains undetected. Our results are consistent with this, and suggest that the hidden baryonic matter might be found in galaxies, with a distribution comparable with that of luminous matter.
The main goal of the present paper is to test the hypothesis that early-type lens galaxies are embedded in extended dark matter halos, as are generally found around spiral galaxies. The constancy of the M/L H ratio as a function of radius provides evidence against that hypothesis. For further illustration, we have computed the mass expected in the form of a typical dark matter halo in the following way. We assume that the visible mass is distributed in order to emit light according to a de Vaucouleurs profile, i.e. a Sérsic profile with n=4 (Mellier & Mathez 1987) , which is typical for elliptical galaxies. We assume spherical symmetry and add a dark matter halo with a total mass 4 times the galactic mass within 5.8 R 1/2 , as derived from radio observations of NGC 3198 (van Albada et al. 1985) . This gives a nearly flat velocity curve, as usually observed. The total M/L ratio is then computed as a function of R/R 1/2 and compared to our determinations. Fig. 2 shows that our results do not agree with the hypothesis of extended dark matter halos, as the ones required to produce approximately flat velocity curves in spiral galaxies. It should be reminded that, while the main evidence for dark matter halos comes from the rotation curves of spiral galaxies, the lens galaxies analyzed here are ellipticals, for which it is much more difficult to derive velocity diagnostics. Some controversy has arisen about the presence of dark matter halos around elliptical galaxies (Romanowsky et al. 2003; Dekel et al. 2005) . However, massive ellipticals are generally considered as the result of fusion of spiral galaxies. It is thus hard to understand how dark matter halos would be present around spirals and absent after their fusion.
Some additional evidence is provided by a number of recent gravitational lensing studies which find a good correlation of the ellipticity and position angle of the total mass with those of luminous matter (Sluse et al. 2012; Koopmans et al. 2006; Gavazzi et al. 2012) . Adding our result, we can conclude that the ellipticity, position angle and length scale of the total mass are strongly correlated with those of luminous matter. This suggests that the total mass distribution in early-type galaxies closely follows the light distribution and sheds doubts on the existence of extended galactic halos made of exotic, non-baryonic particles.
We do not ignore the many successes of the dark matter hypothesis, which helps solving a number of problems in cosmology. However, it has also experienced a number of failures (see, e.g., Kroupa 2012) which, together with the present results, suggest that alternative explanations might be worth investigating.
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